Analysis and interpretation of data.
Introduction
Infertility is a major medical problem worldwide, with male factors being the sole, or effective cause in more than 40% of cases 1 . Moreover, of these cases, approximately 50% result from defective spermatogenesis due to complete blockage of spermatogenesis, low sperm counts, or abnormal sperm motility, morphology, or function 2 . Although infertility is often bypassed using assisted reproductive technologies (ART), some of these methods are associated with safety or ethical concerns 3 . For example, spermatogonial stem cell transplantation (SSCT) is a type of ART that was first demonstrated in a mouse model 4 , and involves donor-derived spermatogenesis in the recipient mouse testis. This model established that the donor haplotype is passed on to offspring by recipient animals, and is associated with ethical issues.
Some report has suggested that adult bone marrowderived stem cells (BMSCs) are able to regenerate various non-hematopoietic cell lineages in several organs, and that tissue-specific and pluripotent stem cells are present in the bone marrow 5 . As for male germinal lineages, mouse adult bone marrow mesenchymal stem cells that have been grown in vitro in the presence of retinoic acid have been found to express germ cell markers, yet fail to undergo spermatogenesis following transplantation into testes 6 . A similar transdifferentiation process was described for adult human bone marrow cells 7 . In work by another group, BMSCs were shown to differentiate into putative germ cells in mice following transplantation in testis 8 . However, the recipients that underwent allo-or hetero-transplantation were not compatible with an autotransplantation strategy involving bone marrow stem cell-derived germline cells. Therefore, in the present study, a protocol to prepare male sterile rabbits was tested in order to provide a valuable model for intratesticular transplantation using autologous BMSCs. 
Methods

Male
Testes collection and histopathologic evaluation
At two, four, six, eight and 12 weeks after treatment, one rabbit from each study group was anesthetized prior to undergoing a bilateral orchiectomy. Briefly, the testes were halved along the were observed to be hollow following apoptosis by spermatogenic cells. Images were captured using an optical microscope.
Isolation, culture, and observation of BMSC proliferation
Isolation of BMSCs was performed as described previously 9 . Briefly, under anesthesia, the left leg was shaved, disinfected, and bone marrow (3.0-4.0 ml) was collected from the intumescence of the proximal tibia using a 12-gauge puncture needle with a 5 ml syringe containing 1 ml heparin (5000 U/ml).
Bone marrow collected was diluted 1:2 with phosphate buffered saline (PBS), and the same volume of Percoll lymphocyte separation solution (1.073 g/ml) was added. This mixture of heparin and bone marrow was centrifuged at 2,000 r/min for 25 min. The mononuclear fraction interphase was collected and washed twice in PBS. The final pellet was resuspended in 3 ml DMEM supplemented with 15% fetal bovine serum (FBS), antibiotics (penicillin G, 100 U/ml; streptomycin, 0.1 mg/ml), and seeded in 25 cm 2 culture flasks and cultured at 37°C under a 5% CO 2 atmosphere. Every 48h, the medium was changed, and nonadherent hematopoietic cells were removed. When cells were close to confluence, 0.25% trypsin / 0.02% ethylenediamine tetraacetic acid (EDTA) was added for passaging. Using an inverted microscope, the morphology of rabbit MSCs was observed. After three passages, BMSCs were seeded in 24-well plates with 2 × 10 4 cells/well plated in triplicate. Cells were collected from each well 1-7 days after seeding and were counted to produce cell growth curves.
Statistical analysis
Data are expressed as the mean ± standard deviation (SD). All statistical analyses were performed using SPSS 11.5.
Data were analyzed using one-way analysis of variance (ANOVA) with least significant difference (LSD), and P-values less than 0.05
were considered statistically significant.
Results
Effect of electron beam radiation on male germ cell development
Electron beam radiation (e.g., 6, 8, 10, or 12 Gy) was locally applied in a single dose to the testes of New Zealand White rabbits. An additional control group did not receive radiation. Testes sections from the control group exhibited normal spermatogenesis and an orderly arrangement of seminiferous epithelium over the 12 weeks of observation following irradiation (e.g., the experimental period). In contrast, sections from the treatment groups exhibited reduced spermatogenesis and distortion of tubular architecture.
Moreover, the decrease in spermatogenesis was dose-dependent, with the greatest affects on spermatogenesis associated with the strongest irradiation dose (Figure 1 ). In contrast, Sertoli and Leydig cells appeared unaffected. RHST (Table 1) were also calculated based on the percentage of spermatogenesis stages that were observed to be affected. Values of RHST for the various treatment groups versus the control groups are presented in Figure   2 . a: compared with control group, P < 0.05; b: compared with 6 Gy group, P < 0.05; c: compared with 8 Gy group, P < 0.05; d: compared with 10 Gy group, P < 0.05; e: compared with 12 Gy group, P < 0.05. A: compared with 2 week time point, P < 0.05; B: compared with 4 week time point, P < 0.05; C: compared with 6 week time point, P < 0.05; D: compared with 8 week time point, P < 0.05; E: compared with 12 week time point, P < 0.05. 
RHST detected following administration of different doses of irradiation
After two, four, six, and eight weeks post-irradiation, RHST showed significant differences between the treatment groups, except for the 10 Gy and 12 Gy groups at two weeks, and the 6 Gy group and the control group at 12 weeks. However, in general, RHSTs were observed to increase with stronger irradiation doses.
Comparisons were also made within each treatment group following irradiation. For example, of the rabbits that received a single dose of 6 Gy, RHST decreased following treatment, with significant differences observed two, four, six, and eight weeks post-irradiation. No further decreases were observed up to 12
weeks (e.g., the end of the experimental period). For the 8 Gy treatment group, no statistical differences in RHST for weeks 2 and 4 post-irradiation were observed, or between weeks 8 and 12.
However, these two periods were significantly different from the RHST recorded for week 6. In addition, the RHST for week 6 was statistically higher than the RHST for weeks 2 and 4 for both the 10 Gy and 12 Gy treatment groups. There was no significant difference between the RHST for week 6 and weeks 8 and 12 postirradiation.
Effect of local irradiation on BMSCs
There were no obvious differences in BMSC cell morphology for the 12 Gy treatment group (D) versus the control group (E). Accordingly, all isolated BMSCs appeared rounded in shape for the first two days of culturing. By day 3, BMSCs were spindle-shaped, round, or polygonal in shape. After one week, BMSCs were homogenous in appearance, with almost all having a spindle-shape ( Figure 3 ). Within two weeks, cultured BMSCs had proliferated to reach 80-90% confluence. Therefore, the shape of the proliferation curves obtained had an inverted "S" shape ( Figure   4 ), based on the slow proliferation that occurred 0-2 days after inoculation, followed by a period of exponential growth over days [8] [9] [10] [11] [12] [13] . Consistent with the morphology of the 12 Gy-treated cells versus control cells, the rates of cell proliferation were also found to be similar for cells from group D versus group E (Figure 4) . Gy or 8 Gy exhibited the most serious injury two and four weeks post-treatment, with recovery observed after week 4. In contrast, damage to the seminiferous epithelium was observed to increase up to six weeks after treatment with 10 Gy and 12 Gy. Although after week 6, damage was not observed to increase or decrease.
For Sertoli cells and Leydig cells, normal morphology for each cell type was observed following all treatments. This observation is consistent with the absence of damage to the supporting niche which is needed by spermatogonial stem cells. The RHST 6 weeks after treatment with 12 Gy were the highest of all the treatment groups, and were greater than 90%. These results indicate that a single dose of 12 Gy is sufficient to prepare 5-month-old male rabbits as recipients, and that at least six weeks post-irradiation is needed for stem cell grafts to be administered. Accordingly, the first mating of normal male rabbits should be timed for an age of 135-140 days 16 .
Culturing of rabbit BMSCs four weeks after rabbit testes were locally treated with varying doses of irradiation up to 12 Gy, demonstrated that no significant effect on the growth and morphology of BMSCs had occurred relative to the normal control group.
Conclusion
The protocol tested in this study can prepare recipient rabbits suitable for the autologous transplantation of bone marrow stem cells, thereby providing a model with which to explore treatments for testical infertility.
